A field trial was conducted in 2009/2010 and 2010/2011 growing seasons at Giza Agricultural Research Station to examine correlations between some biochemical componets and powdery mildews (PM s ) resistance in flax cultivars. Nine flax cultivars could be divided into five distinct groups, i.e., highly susceptible (Cortland and C.I. 2008), moderately susceptible (Giza 7, and Marshall), moderately resistant (Cass), resistant (Koto, Dakota and Wilden), and highly resistant (Ottowa 770B). The cultivars showed considerable variation in PM severity ranged from 8.05 on Ottowa 770B to 97.02% on Cortland. Total soluble proteins, total phenols, antioxidant enzymes (peroxidase and polyphenoloxidase), ascorbic acid, tocopherol, and malondialdehyde (MDA), were determined in uninfected leaves of the tested cultivars. Pearson's correlation coefficient was calculated to measure the degree of association between PM severity and each component. All components showed significant (P < 0.05) or highly significant (P < 0.01) negative correlation with PM severity except MDA, which showed positive correlation (P < 0.01). Linear regression analysis was used to evaluate the causal relationship between the biochemical components (independent variables) and PM severity (dependent variable). Coefficient of determination (R 2 ) values of the generated models ranged from 48.76 to 77.15%. Tocopherol, MDA, and proteins were the most important contributors to the total variation in PM severity as the R 2 values of their models were 71.78, 75.28, and 77.15%, respectively. The results of the present study suggest that tocopherol, MDA, and proteins in uninfected leaves can be used as biochemical markers to predict PM resistance in flax.
Keywords : biochemical markers, disease severity, Linum usitatissimum, Oidium lini Flax (Linum usitatissimum L.) is considered the most important bast fiber crop in Egypt, it ranks second after cotton (seedy fiber) regarding economic importance and production (Aly et al., 1994) .
Powdery mildew (PM) caused by Oidium lini Škoric is currently the most common, conspicuous, widespread, and easily recognized foliar disease of flax in Egypt (Aly et al., 1994) . Over the last two decades, the importance of this disease has increased probably due to the appearance and rapid distribution of new races capable of attacking the previously resistant cultivars (Aly et al., 1994) .
In India, Pandy and Misra (1993) reported that as the disease increased, yield losses increased ranging from 11.8 to 38.9%, yield losses were greater when the disease appears earlier in the season. Accurate assessment of losses due to the disease in Egypt has not been reported. However, Aly et al. (1994) found significant negative correlations between disease intensity ratings and agronomic traits (yield and yield components).
Currently, resistance is not available in the commercially grown flax cultivars in Egypt (Aly at al., 2002). Therefore, in years when environmental conditions favor the development of the disease, foliar application of fungicides has become the only commercially available management practice for the disease control (Aly et al., 1994) .
Extensive genetic variation for PM resistance has been identified in some flax populations. For example, Prasad et al. (1988) evaluated 2822 linseed varieties for rust and PM resistance. The germplasm was classified depending on the percentage of leaf area infected/plant. Only 24 lines were free from both rust and PM, and 17 showed multiple resistances (1−10% leaf area infected/plant). In addition, 38 genotypes were free from rust and resistant to PM, and three were free from PM and resistant to rust. Basandrai et al. (1994) evaluated 200 indigenous and exotic flax genotypes for resistance to PM under field conditions. Twentyfour genotypes were free from infection, and 12 genotypes were resistant to PM and also possessed desirable plant height for fiber flax. Mahto et al. (1995) found a significant variability among 26 flax genotypes in resistance to PM. Eleven had above average stability and seven of these had high yields. Of 43 flax introductions evaluated in a two- (Göbel et al., 2003) .
No information about the biochemical basis of resistance or susceptibility of flax to PM seems to be available yet. Therefore, the objective of the present study was to investigate how the previously mentioned biochemical components affect resistance of susceptibility of flax to PM in different host-pathogen interaction. ) and consisted of ten rows spaced 20 cm apart. Seeds of each cultivar were sown by hand at a rate of 70 g/plot. Planting date was the first week of December. Disease severity was rated visually in the last week of April (Nutter et al., 1991) .
Materials and Methods

Reactions
Assay of Total phenols. Soluble phenols in fresh samples were extracted according to Dihazi et al. (2003) . A known weight of fresh samples was selected and extracted with 80% cold methanol (v/v) for three times at 90 o C. The combined extract were collected and filtered through Whatman No.1 filter paper. After filtration, the filtrate was made up to a known volume with cold methanol.
A known volume of the extract (0.5 ml was added to 0.5 ml folin-Cicalteu reagent and shacked well. The mixture was allowed to stand for 3 min. one ml of saturated sodium carbonate solution (25 g Na 2 CO 3 were dissolved in 1000 ml distilled water at 70-80 o C and cooled down and filtered) was added to the mixture and shaked well. The mixture was allowed to stand for 60 min. the optical density was measured at 725 nm UV-Vis spectrophotometer. The quantity of total phenolic compounds was calculated according to the standard curve of gallic acid (99.5%) and expressed as mg/100 g fresh weight.
Assay of polyphenoloxidase activity. Polyphenoloxidase (EC 1.14.18.1) was assayed following the method described by Kar and Mishra (1976) with little modification, 5 ml of the assay mixture contained 125 µM of phosphate buffer (pH 6.8), 100 µM pyrogallol and 1 ml of crude enzyme extract. After incubation at 25 o C for 5 min, the reaction was stopped with the addition of 1 ml of 10% H 2 SO 4 the colour intensity was read at 430 nm, and the enzyme activity was expressed as enzyme activity/gram fresh weight/h.
Extraction of enzymes and total soluble protein. Two grams of fresh sample were homogenized either in cold phosphate buffer (0.05 M at pH 6.5). The homogenate was centrifuged at 1,000 rpm for 10 minutes. The pigments were removed from the supernatant by adsorbing on activated charcoal and filtered. The filtrate was completed to a known volume and used to determine enzymes and total soluble protein.
Assay of peroxidase activity. Peroxidase (EC 1.11.1.7) was assayed following the method of Kar and Mishra (1976) with slight modification. Five ml of the assay mixture contained 300 µM of phpsphate buffer (pH 6.8), 50 µM catechol, 50 µM H 2 O 2 and 1 ml of crude enzyme extract was prepared. After incubation at 25 o C for 5 min, the reaction was stopped with the addition of 1 ml of 10% H 2 SO 4 . The colour was read at 430 nm and the enzyme activity was expressed as enzyme activity/gram fresh weight/h. Estimation of total soluble protein. Alkaline tartarate reagent 20 g sodium carbonate and 0.5 g tartarate were dissolved in liter of 0.1 N NaOH. Ten µl of the portein sample was added to 5 ml of the working alkaline copper reagent, and was allowed to stand for 15 min. at room temperature. The dilution folin reagent (0.5 ml) was then mixed immediately with the mixture; and allowed to stand 30 min. at room temperature the color intensity of samples was measured at 750 nm. The total soluble protein content in the superntant was detrmined according to Lowry et al. (1951) the quantity of total soluble protein was calculated according to the standard curve of Bovine Serum Albumin and expressed as mg/m fresh weight.
Ascorbic acid assay. A known weight (2−5 g) of fresh samples was ground in 6% trichloroacetic acid (TCA) and the extract filtered throught filter paper and centrifuged at 1000 rpm for 20 min. The filtrate was made up to 10 ml with TCA. Ascobic acid was determind as described by Mukherjee and Choudhuri (1983) . Four ml of the extract was mixed with 2 ml of 2% dinitrophenyl hydrazine (in
